Abstract. (R)-(-)-
Introduction (R)-(-)-mandelic acid is an important intermediate for synthesis of penicillin
, cephalosporin [2] , antineoplastic drugs [3] and (+)-crassalactone A [4] . Therefore, (R)-(-)-mandelic acid become an important chiral chemical intermediate [5] [6] . (R)-(-)-mandelic acid can be prepared by chemosynthesis or biosynthesis [7] [8] . Compared with the chemosynthesis, the biosynthesis reaction condition was mild, high efficiency, high chemical selectivity, regioselectivity, non-toxic, no pollution and low energy consumption [9] [10] .
Nowadays, the resolution of racemic mandelic acid ethyl ester was regarded as common technology to prepare R-(-)-mandelic acid. The highest conversion of racemic resolution is 50% theoretically. In this paper, (R)-(-)-mandelic acid was acquired by hydrolysis of (R)-(-)-mandelic acid ethyl ester with Bacillus cereus CGMCC No.12336 as catalyst. The conversion can get to 100% theoretically. The mechanism of reaction was shown in Fig 1. The reaction conditions for preparation of R-(-)-mandelic acid was optimized by single-factor experiments. 
Materials and Methods

Reagents and Instruments
Microbe Cultivation
The liquid medium for the cultivation of cells was composed of 9 g/L glucose, 5 g/L yeast extract, 2 g/L peptone, 2 g/L NaCl, 2 g/L K 2 HPO 4 ·3H 2 O, 2 g/L KH 2 PO 4 and 0.5 g/L MgSO 4 . The strain was inoculated into 100 ml liquid culture medium and cultivated in 30 0 C shaker (180 rpm) for 24 h. The 10 ml cell suspension gained above was inoculated into 100 ml liquid medium. After cultivation for 24 h, the cells were harvested by centrifugation (8000 rpm, 10 min) and used in hydrolysis.
Biotransformation
15-90 mmol/L (R)-(-)
-mandelic acid ethyl ester was added into a 100 mL shaking flask contained 20 ml phosphate buffer (0.2 M, pH 5-9) with 10-100 g/L (ratio of cell dry weight(g) and reaction mixture(L)) cells. Methanol, ethanol, isopropanol, ethyl acetate, n-hexane and DMSO with different volume concentration (1, 3, 5, 7 and 9%) were added to the shaking flask as cosolvent. The flask was shaken at 100-200 rpm and 20-40 0 C. After 12-72 h, the cells were collected by centrifugation (8000 rpm, 10 min) and discarded. After filtrated, the supernatant fluid containing (R)-(-)-mandelic acid can be analyzed by HPLC.
Analytical Methods
The content of mandelic acid was analyzed by HPLC equipped with a reverse-phase C18 HPLC column (4 mm Diam, 250 mm long; Merck, Germany). The mobile phase was composed of 6 mmol·L -1 L-phenylalanine aqueous solution and methanol (90:10). 3 mmol·L -1
CuSO 4 was also added in mobile phase. The flow velocity of mobile phase was 0.5 ml·min -1 . UV detection wavelength was 300 nm [11] . Injection volume was 10 µl.
Results and Discussion
Effect of Substrate Concentration on Hydrolysis Reaction
The conversion decreased with the increase of the substrate concentration (Fig 2) . Probably, a large amount of substrate is toxic to microorganism and inhibits the hydrolase activity. The optimal substrate concentration for hydrolysis is 0.06 mol/L. 
Effect of Biomass on Hydrolysis Reaction
The biomass used in hydrolysis had significant effect on conversion (Fig 3) . Addition of more biomass can improve the conversion. The conversion did not increase when the substrate was saturated by hydrolase. The optimal cell concentration for hydrolysis is 80 g/L. 
Effect of Reaction Time on Hydrolysis Reaction
The conversion increased significantly from 12 to 48 h (Fig 4) . The conversion did not increase after 48 h. Probably, the hydrolase activity of cells was inhibited by product. The optimal reaction time for hydrolysis is 48 h. 
Effect of pH on Hydrolysis Reaction
The cells should be suspended in optimal buffer to ensure hydrolase activity. B. cereus CGMCC No.12336 maintained good hydrolysis ability from pH 7.0 to 9.0 ( Figure 5 ). The optimal pH for hydrolysis was 8.0. 
Effect of Cosolvent on Hydrolysis Reaction
The cosolvent was added in hydrolysis reaction mixture to improve the solubility of the substrate and conversion because it is difficult for substrate to dissolve in water. Methanol, ethanol, isopropanol, ethyl acetate, n-hexane and DMSO were studied at different volume concentration (1, 3, 5, 7 and 9%) respectively. The result of Fig 6 showed that the conversion reached the highest value when 5% methanol as cosolvent. Probably, other cosolvent was toxic to the cells so that the conversion was lower. The optimal cosolvent for hydrolysis was 5% methanol. 
Effect of Temperature on Hydrolysis Reaction
The higher conversion can be obtained at optimal temperature. The hydrolysis activity of cells decreased when the hydrolysis temperature was above 30 0 C (Fig 7) . It was because that hydrolase activity was inhibited partially at high temperature. The optimal temperature was 30 0 C. 
Effect of Shaker Speed on Hydrolysis Reaction
The optimal shaker speed was benefit to the mass transfer. The result of Fig 8 showed that good conversion can be obtained when the shaker speed was above 180 rpm. The optimal shaker speed for hydrolysis was 180 rpm in order to save the energy. 
